In patients undergoing video-assisted thoracoscopic surgery excision, what is the best way to locate a subcentimetre solitary pulmonary nodule in order to achieve successful excision? 
INTRODUCTION
A best evidence topic was constructed according to a structured protocol. This is fully described in the ICVTS [1] . 
THREE-PART QUESTION

CLINICAL SCENARIO
You are in clinic with a 40-year old ex-smoker with a history of mild haemoptysis. He has had negative findings on sputum cytology, CXR and fiberoptic bronchoscopy. He has undergone a thorax CT scan which shows and is reported as a subcentimetre SPN on the right upper lobe of an indeterminate nature; however, there is no mediastinal lymphadenopathy and the abdomen is normal. Upon performing a PET scan, the lesion has an SUV Max of 6.9. After discussing the findings, due to a strong family history of cancer, the patient would prefer to have the nodule excised rather to be kept under CT surveillance. You discuss the operation via the VATS technique and the possibility of not being able to localize the nodule; subsequently, a minithoracotomy is considered. The patient is otherwise healthy with normal respiratory function. You are unsure as to what would be the best method to locate the nodule and decide to check the literature. None reported -For nodules <10 mm on CT scan, the detection rate by ultrasonography was significantly higher than by video imaging (P = 0.012)
Continued
SEARCH OUTCOME
One hundred and seven papers were found using the reported search. From these, 19 papers were identified that provided the best evidence to answer the question. These are presented in Table 1 .
RESULTS
Several techniques for the localization of SPN were described and are well known in their positive or negative aspects: finger palpation, intraoperative ultrasound, hook-wire, spiral-wire, fluoroscopic and radio-guided detection are most commonly used.
The hook-wire technique showed a sensitivity ranging from 58 to 97.6% in various studies [2] [3] [4] [5] [6] [7] and a relatively higher failure rate due to the dislodgment of the wire reaching up to 47% [7] [8] [9] . Commonly associated complications such as pneumothorax were fewest with the short hook-wire technique used by Miyoshi et al. [2] . In the only randomized trial comparing techniques of localization, Gonfiotti et al. [7] simultaneously reviewed the radio-guided surgery technique using technetium-99 against the radio-guided hook-wire technique in 50 patients. The technetium-99 group had a better success rate at 96% compared with the hook-wire technique group at 84%. However, this was not a statistically significant difference. Finger palpation was also carried out in both subgroups; however, the radio-guided and hook-wire techniques were found to be far superior (96 vs. 24% and 84 vs. 28%, respectively). In addition, finger palpation achieved suboptimal results in the study carried out by Matsumoto et al. [10] . Finger palpation for subcentimetre nodules during VATS resection is not advisable as small port size and operator dependence make it unreliable.
Both studies that solely utilized radioactive technetium [11, 12] to localize pulmonary nodules (PNs) achieved 100% success rates. The radionuclide has a half-life of 6 h, increasing the available time frame between PN labelling and operating. Centres must have the necessary equipment and radiation protection regulations in place to offer this method of localization.
In 2004, Powell et al. [13] carried out a study involving just 12 patients with undiagnosed growing PNs of 12 mm mean size. These were marked preoperatively using percutaneously placed CT-guided platinum microcoils and then excised by a fluoroscopically guided VATS resection. A sensitivity of 100% was shown using this technique with all patients achieving a successful resection. Selection bias and small sample size may limit its clinical implications. With a similar technique, Mayo et al. [14] achieved a success rate of 97% and much fewer complications (4 vs. 16.7%).
Eichfeld et al. [15] used spiral-wire localization in 22 patients to localize PNs with a mean size of 8 mm and achieved an 86% success rate. The spiral-wire technique gives good stability and permits manipulation. An added advantage is that the marked nodule can be pulled towards the thoracic wall before resection, therefore allowing the exact placement of the linear stapler. Complications are fewer using the spiral-wire technique when compared with the hook-wire technique.
Methylene blue staining of the nodules produced high sensitivities [16, 17] , although the studies were based on small sample sizes of 15 and 17, respectively. It provides an accurate method for localizing PNs, although the density of colouration of the target area may be affected by the time elapsed between methylene blue labelling and thoracoscopy. The use of methylene blue may also be limited in patients with anthracotic pigmentation as the dye may be difficult to see during VATS. Fluoroscopic-aided resection using contrast media also yielded high success rates [18] [19] [20] . Water-insoluble contrasts such as lipiodol provide good-quality imaging of PNs even several hours after localization.
Ultrasonography demonstrated sensitivities ranging from 92.6 to 100% in localizing PNs across three studies [10, 21, 22] . This method offers a quick, more affordable, less invasive way of localizing lesions with virtually no complications reported but is highly operator-dependent and is limited by the presence of air in the lungs.
CLINICAL BOTTOM LINE
Radio-guided surgical localization is preferable to pinpoint subcentimetre nodules during VATS. In comparison with the other techniques, it offers a higher sensitivity, minimal operator dependence, minimal complications and lower risk of failures. 
